ABSTRACT
Introduction
Tooth avulsion is the complete displacement of a tooth from its socket as a result of trauma [1] [2] The reported incidence of complete avulsion ranges 1-16% of all traumatic injuries to the permanent dentition. [3] The prognosis of a replanted tooth depends on the existence of viable periodontal ligament cells on the root surface. In order to minimize the risk of postreplantation resorption of an inflammatory or replacement nature, the suggested treatment is immediate replantation of an avulsed tooth. [1, [4] [5] However, such treatment it is not always feasible. Thus, extra alveolar time interval always exists before the patient arrives at the dental office for replantation. [6] Extra oral dry time and the storage medium are two of the most critical factors that affect the prognosis of an avulsed tooth after replantation. [7] The delayed replantation of dry teeth covers different clinical management and different prognosis from the delayed replantation of teeth kept in storage solutions from clinical point of view. [8] [9] [10] The duration of the extra-alveolar period and the nature of the storage conditions affects the survival rate of avulsed teeth following replantation. [11] [12] The ability of the storage medium to maintain periodontal ligament cell viability may be even more important than the extraalveolar period before tooth replantation. [13] [14] Therefore, the assessment of cell recovery after exposure to the various solutions is important to increase the regenerative capacity of periodontal ligament (PD L) cells remaining on the avulsed tooth. [12] An ideal storage medium for avulsed teeth must have a low bacterial content, physiologic osmolality, a neutral pH and contain essential nutrients. [15] Different storage media, such as Hank's balanced salt solution (HBSS), milk, and saline have been used with some success, but an ideal storage medium remains to be developed. [16] The American Association of Endodontics has suggested HBSS as the storage medium of choice for avulsed teeth. [5] HBSS is considered superior regarding cell viability and vitality preservation due to its non-toxicity, balanced pH, and osmolality that allows cell growth. [12, 17] Milk has also been shown to be a suitable storage medium for avulsed teeth, mainly due to its physiologic osmolality, neutral pH, essential nutrient content, and lack of active toxic components. [18] Recent studies have also shown that soy milk can maintain cell viability. Moazami et al. [19] showed that soymilk is as effective as HBSS and can maintain PDL cell viability for up to 8 hours. Moura et al. [20] indicated that soymilk can preserve cell viability for up to 24 hours. Furthermore, Silva et al. [21] assessed the cytotoxicity of soymilk and concluded that soymilk can maintain cell viability at levels similar to solutions considered the gold standard for avulsed teeth such as whole milk and HBSS.
Aloe vera (Aloe Vera L.Xanthorrhoeaceae) is a member of the liliaceae family and a cactus-like plant, which grows in hot and dry climates. [22] [23] Since it can live and even bloom without soil, the Egyptians named it the plant of immortality. [24] The aloe vera leaves are filled with a transparent viscous gel. This gel consists of 96% water and 75 active components such as vitamins, enzymes, minerals, sugar, salicylic acid, and amino acids. [22] The use of aloe vera in modern medicine was first recorded in the 1930s which was used to heal radiation burns. [25] Since then, aloe vera has been used as an anesthetic, anti-bacterial, antifungal, antiviral, anti-inflammatory, and antioxidant [22, 26] as well as in wound healing. [27] [28] Aloe vera has recently gained some popularity in the field of dentistry and is extremely helpful in the treatment of gum diseases like gingivitis and periodontitis. [29] [30] Aloe vera has been shown to exert antimicrobial effects against resistant microorganisms found in the pulp space (Enterococcus faecalis) and the oral cavity (streptococcus mutans and s. mitis). [31] Gontijo et al. [32] showed that aloe vera was not cytotoxic and could maintain cell viability.
They showed an increasing concentration of aloe vera resulted in increased cell viability. A recent study on rat pulp tissues has shown that the application of freeze-dried aloe vera in direct contact with the mechanically exposed pulp had acceptable biocompatibility and could lead to tertiary bridge formation. [33] Furthermore, Badakhsh et al. [34] concluded that increasing concentration of aloe vera (10%, 30%, and 50%) lead to increased preservation of PDL cells viability. However, none of these studies considered the dry time before storage in aloe vera solutions.
The aim of the present study was to compare aloe vera with soy milk, milk, and HBSS-to preserve PDL cell viability following a 30 min dry time. 
Materials and Method

Results
The results of this study indicated that aloe vera kept 98% of PDL cell viability. The percentages of viable cells in different storage media are shown in Table 1 . The Post hoc Tukey-HSD test showed no significant differences between aloe vera, soy milk, HBSS, and the positive control groups. However, these groups showed significantly more viable cells than the two negative control groups. There was no significant difference between milk and the 30 min negative control group, but milk was superior to the 2 h negative control group (Figure 1 ). replantation. [3, 7] Maintaining the tooth in an adequate wet medium to preserve the vitality of the periodontal ligament cells that remain on root surface is the key to success of replantation. [7] Recent studies introduced the development of storage media that produce conditions that closely resemble the original socket environment. [17] [18] [19] Although these storage media can now be purchased in the form of retail products, the most common scenario is that such a product will not be readily available at the moment of the accident.
The use of extracted dog teeth to stimulate avulsion has been recommended in previous studies. [20, [35] [36] In an attempt to mimic the typical situation during which the teeth may remain dry before being placed into a storage medium, the dog teeth were left in dry conditions after extraction. Silva et al. [20] [21] Nevertheless, the present study confirmed the results of the studies of Moazami [19] and Silva et al., [21] that soy milk showed similar behavior to HBSS in the maintenance of PDL cell viability. Additionally, there were no significant differences between aloe vera and HBSS or soy milk, whereas all three were superior to milk. And in this study, we considered an average amount of saturation for aloe vera since it was shown that aloe vera 50 % could preserve more PDL cells alive. [34] The maintenance of viability of PDL cells in aloe vera medium is probably due to the nutrients contained such as vitamins, amino acids, minerals, and sugars, which nourish cells and maintain their viability. [22] Several studies have assessed the healing capacity of aloe vera in different fields of medicine [30, [42] [43] [44] [45] [46] and found to be due to an increase in blood supply and, increased oxygenation, which both stimulate fibroblast activity and collagen proliferation. [28] Aloe vera also contains vitamins A, C, E, and B12, and folic acid;
vitamin C is involved in collagen synthesis. [47] Tanwar et al. [24] studied the constituents and biological effects of aloe vera and showed that the healing properties of aloe vera could be related to Glucomannan, a mannose-rich poly-saccharide, and Gibberellin, a growth hormone. These can interact with growth factor receptors on fibroblasts, thereby stimulating their activity and proliferation which in turn, significantly increases collagen synthesis.
Fibroblast cell viability and proliferation is a critical factor in the prognosis of avulsed teeth in avulsion injuries. Thus, aloe vera might be useful in the replantation of avulsed teeth due to its fibroblast stimulating substances.
Further studies should address the different concentrations and immersion times following the dry period in order to produce the best aloe vera media for avulsed teeth; such a product would be commercially marketed.
Conclusion
Based on the favorable results obtained in this study, aloe vera extract can be recommended as a suitable storage media for avulsed teeth.
